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A System for Pointing a Lesion in an X-rayed Object 

FIELD OF THE INVENTION 

5 

The present invention relates to a method for pointing a suspected lesion in an X- 
rayed body portion of a human or animalian body in order to facilitate taking of a 
biopsy sample reliably and precisely from the suspected lesion, and enabling a more 
precise marking of the lesion. 

10 

BACKGROUND OF THE INVENTION 

Panoramic and tomographic imaging systems are widely used for attaining images 
from target areas of human and animalian bodies, and nowadays these systems are 

15 also used for taking three-dimensional X-ray photographs from target volumes of 
human and animalian bodies, whereupon solid-state detectors like radiation sensi- 
tive semiconductor sensor, e.g. CCD-sensors or other kind of sensor systems pro- 
ducing digital image data are typically utilized. It is generally known that, for in- 
stance, a precise enough insertion of a biopsy needle for taking a sample of a lesion 

20 in the human or animalian tissue suspected to be a tumor in order to determine 
whether it is malignant or benign, or a precise enough insertion of indicator wires 
into human or animalian tissue for marking the detected tumor prior to surgical op- 
eration is a demanding operation. When the X-rays are utilized for detection of the 
lesion, the body part like the breast of the female patient, inside which the suspected 

25 lesion is located, is compressed against a surface below which an X-ray film or a 
detector is positioned. A compression plate is placed above the breast, clamping it 
against the surface, but leaving a tissue surface area exposed because of a larger 
opening in the plate. In the widely used process the opening has indicia along its 
sides, and after determining the two orthogonal coordinate values of the location of 

30 the lesion from the X-ray image, which coordinate values are in plane parallel to the 
above-mentioned surface, a mark is placed on the respective location on the ex- 
posed skin by utilizing the indicia. Another X-ray image is taken to show the depth 
of the lesion and to assure that the biopsy is taken from the proper position. This is a 
quite unreliable and time-consuming procedure, which may also require several at- 

35 tempts to hit the intended lesion. 

Patent publication US-4,727,565 discloses a slightly alternative method for localiz- 
ing the three dimensional position of a spot in an object in conjunction with the X- 
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ray exposure of said object. According to the method the object is clamped in a pre- 
determined position, whereafter a first print of at least said spot in said object by 
exposure of the object to a source of X-rays in a first direction from a first position 
on one side of a center line at right angles to the image plane of the first print is ob- 
5 tained, providing a first index on said first print. Then, with the object remaining 
clamped in the same predetermined position, a second print of said spot by exposure 
of the object to said source of X-rays in a second direction from a second position 
on the other side of said center line is obtained, providing a second index on the 
second print, establishing the two-dimensional position of the spot on the two image 

10 prints in relation to the index on the prints. Finally the coordinates of the spot in re- 
lation to the indices is processed for determination of the three dimensional position 
of said spot so as to enable control of a guidance instrument to the spot located in 
the object. Patent publication US-4,930,143 discloses a substantially analogous 
method for stereographic location in a breast of a lesion suspected of being eancer- 

15 ous using a mammographic unit comprising an X-ray tube mounted on the stand so 
as to emit an X-ray beam in a defined field; a holder, laterally slidable, with respect 
to said beam, between a first imaging position within said field and a second imag- 
ing position within said field, for receiving a breast and restraining the breast in a 
fixed shape, and means for holding a film, located within the X-ray field and held 

20 stationary relative to the X-ray tube, in a position such that a first picture of said 
breast taken at the first imaging position and a second picture of the breast taken at 
the second imaging position will be located side by side on the film. According to 
the disclosed method a breast is placed in the holder, restraining the breast in a fixed 
shape; the breast is exposed to X-rays while the holder is in said first imaging posi- 

25 tion so that a first picture is made on the film. Then the holder is slid to said second 
imaging position while restraining the breast in the fixed shape thereof; the breast 
exposed to X-rays while the holder is in its second imaging position so that a second 
picture is made on the film adjacent the first picture. Finally said first and second 
pictures are used to calculate the perceived parallactic displacement of a lesion im- 

30 aged on the film; and on the basis of said displacement the position of the lesion 
within the breast is determined. Accordingly, these publications concern determin- 
ing the exact position of a lesion, according to US-4,727,565 the object is kept sta- 
tionary and the X-ray source is moved, and according to US-4,930,143 the X-ray 
source is kept stationary and the object is moved, to attain a pair of stereo pictures, 

35 but neither of them discuss the problem of inserting the biopsy needle or marking 
wire precisely into the detected lesion. 
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Patent publication US-5, 107,843 discloses an apparatus for locating a needle for 
thin needle biopsy. For the purpose a mammography apparatus is used, which appa- 
ratus includes a rotating picture head to obtain two pictures of a biopsy target, a de- 
tachable needle guide that can be attached to a fixed attachment means in said 
5 mammography apparatus and a separate measurement table. The separate measure- 
ment table has a fixed attachment means for said needle guide, and measuring 
means on said measurement table for measuring and calculating the orthogonal x, y 
and z coordinates of said biopsy target from said two pictures, wherein said fixed at- 
tachment means on said measurement table and said fixed attachment means on said 

10 mammography apparatus are located in the same position with respect to coordi- 
nates calculated from said two pictures of said biopsy target. So, according to this 
publication the coordinates of the lesion are the output and the operator like physi- 
cian must rely on these three values and the needle guide, which are extremely il- 
logical and non-intuitive for the operator, easily causing errors and additional at- 

15 tempts to hit the lesion. 

Patent publication US-5,316,014 discloses apparatus for use in X-ray examination 
and diagnostic procedures comprising an X-ray machine having an X-ray radiation 
head mounted in spaced relation to a patient and specimen supporting platform for 

20 supporting a specimen, a clamping means mounted in spaced parallel relation to 
said platform to clamp the specimen against said platform and against movement 
relative to the X-ray machine. The clamping means have an opening exposing a 
portion of the specimen and indicia associated with the clamping means for locating 
a lesion on an X-ray picture by means of coordinates showing in the X-ray pictures 

25 taken by the X-ray radiation head. A laser head is detachably supported on said X- 
ray machine between said X-ray radiation head and the specimen supporting plat- 
form, whereupon first and second laser sources are mounted in said laser head radi- 
ating focused beams in first and second planes intersecting along an intersecting 
line and providing cross lines intersecting on said portion of the specimen and lying 

30 within said opening. The apparatus further comprises means for moving the laser 
head to shift the laser head and the cross lines to a position in accordance with the 
coordinates location of the lesion as shown by the X-ray picture. The other end of a 
biopsy needle, to be inserted into the specimen, being away from the specimen re- 
ceives the cross lines, which appear as a dot for locating the axis of said needle with 

35 respect to said specimen during insertion of the needle for removal of a core sample. 

A problem associated with this biopsy is the difficulty of inserting and guiding the 
needle at the correct angle so that the needle tip is not displaced to a side of the tu- 
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mor when the needle is inserted to the proper depth. If the needle tip is inserted only 
along a true vertical plane, there is a chance, because of the parallax between the 
true direction of the X-ray through the lesion and said vertical plane, that the needle 
tip may be displaced at an angle from the lesion missing the lesion. To avoid this 
5 risk the patent publication US-5,320,111 suggests, as an supplement to the system 
of patent publication US-5,3 16,014, a generation of a laser beam in a continuous 
cross hair pattern emanating from a location along the line of the X-ray radiation, 
positioning the continuous laser beam in accordance with the coordinate locations 
of said lesions as shown by the X-ray picture, and adjusting the inclination of the la- 

10 ser beam for different coordinate locations of the lesion and directing the needle 
along these different inclination at each the respective locations. The tip of a biopsy 
needle is applied to the intersection on the specimen of the lines formed by the laser 
beam. More specifically, the laser source is moved to eliminate parallax and to 
guide the needle along the angle and to the position of the tumor to assure that the 

1 5 needle be inserted at the same angle as the X-ray beam from the X-ray point source. 

The main object of the invention is to attain a method, through which a suspected 
lesion inside a body portion of a patient can be pointed or indicated so that a swift 
and accurate reaching of the suspected lesion is allowed for e.g. the physician. An- 

20 other object of the invention is to attain a method, which enable insertion of the bi- 
opsy or puncture needle or insertion of the marking wires in direction(s) other than 
the direction of the X-rays, if wanted. The third object of the invention is to attain a 
method, which enable automation of the pointing or indicating procedure, and 
through which use of expensive separate parts with indicia, like such compression 

25 plates provided with coordinate markings, can be avoided. Further object of the in- 
vention is to attain a method, which is as comfortable as possible to the patient, 
whereupon unnecessary delays and repeating should be avoidable. 

SUMMARY OF THE INVENTION 

30 

According to the first aspect of the invention it is provided a method for pointing a 
suspected lesion in an X-rayed body portion of a human or animalian body, the 
method comprising the steps: clamping said body portion in a fixed position on a 
platform provided with a radiographic imaging detector, said body portion having a 
35 substantial non-compressed tissue surface area apart from said platform towards an 
X-ray source, and the suspected lesion having an inside location within said body 
portion; radiating said body portion with X-rays coming successively from at least 
two different directions to form at least two planar images and respective image 



data of said body portion; calculating, from said at least two image data and from 
said at least two directions, said inside location in a predetermined three-dimen- 
sional coordinate system having two coordinate values in a plane substantially par- 
allel to said platform; estimating a configuration of said tissue surface from said im- 
5 age data; selecting an entering point for an invasive instrument within said surface 
area; determining a moving direction for said invasive instrument; calculating a dis- 
tance between said entering point on said estimated tissue surface and said calcu- 
lated inside location in said moving direction; and displaying or outputting said two 
coordinate values, said moving direction and said distance for guiding said invasive 
10 instrument. 

According to the second aspect of the invention it is provided a method for pointing 
a suspected lesion in an X-rayed body portion of a human or animalian body, the 
method comprising the steps: clamping said body portion in a fixed position on a 

15 platform provided with a radiographic imaging detector, said body portion having a 
substantial non-compressed tissue surface area apart from said platform towards an 
X-ray source, and the suspected lesion having an inside location within said body 
portion; attaching at least one marker on said tissue surface area to have an outside 
location; radiating said body portion with X-rays coming successively from at least 

20 two different directions to form at least two planar images and respective image 
data of said body portion; deriving inside location data and outside location data 
from said at least two image data and from said at least two directions; calculating 
said inside location in a predetermined three-dimensional coordinate system from 
said inside location data with two coordinate values in a plane substantially parallel 

25 to said platform; estimating a configuration of said tissue surface from said outside 
location data; selecting an entering point for an invasive instrument within said sur- 
face area; determining a moving direction for said invasive instrument; calculating a 
distance between said estimated tissue surface and said calculated inside location in 
said moving direction; and displaying or outputting said two coordinates, said mov- 

30 ing direction and said distance for guiding said invasive instrument. 

According to the third aspect of the invention it is provided a method for pointing a 
suspected lesion in an X-rayed body portion of a human or animalian body, the 
method comprising the steps: clamping said body portion in a fixed position on a 
35 platform provided with a radiographic imaging detector, said body portion having a 
substantial non-compressed tissue surface area apart from said platform towards an 
X-ray source, and the suspected lesion having an inside location within said body 
portion; attaching at least one marker on said tissue surface to have an outside loca- 
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tion; radiating said body portion with X-rays coming successively from at least two 
different directions to form at least two individual images and respective image data 
of said body portion; deriving inside location data and outside location data from 
said at least two image data and from said at least two directions; calculating a di- 
5 rection and a respective distance between said marker and said calculated inside lo- 
cation for entering an invasive instrument; and displaying or outputting said direc- 
tion and said distance for guiding said invasive instrument. 

According to the fourth aspect of the invention it is provided a method for pointing 

10 a suspected lesion in an X-rayed body portion of a human or animalian body, the 
method comprising the steps: clamping said body portion in a fixed position on a 
platform provided with a radiographic imaging detector, said body portion having a 
substantial non-compressed tissue surface area apart from said platform towards an 
X-ray source, and the suspected lesion having an inside location within said body 

15 portion; radiating said body portion with X-rays coming from at least a first direc- 
tion to form at least a first individual image and respective image data of said body 
portion; deriving inside location data from said at least first images and from said at 
least first direction; calculating said inside location in a predetermined two-dimen- 
sional coordinate system from said inside location data with coordinate values in a 

20 plane substantially parallel to said platform; displaying or outputting said two coor- 
dinates for guiding said invasive instrument; determining a moving direction for an 
invasive instrument having a tip; radiating said body portion, after inserting an inva- 
sive instrument into said body portion or in contact or approaching a contact with 
said tissue surface, with X-rays coming from at least a second direction to form at 

25 least a second individual image of said body portion; measuring a spacing between 
said tip and said suspected lesion from said second image; calculating, from said 
spacing and from said second direction, a distance between said tip and said sus- 
pected lesion in said moving direction; and displaying or outputting said distance 
and said moving direction for guiding said invasive instrument. 

30 

According to the fifth aspect of the invention it is provided a method for pointing a 
suspected lesion in an X-rayed body portion of a human or animalian body, the 
method comprising the steps: clamping said body portion in a fixed position on a 
platform provided with a radiographic imaging detector, said body portion having a 
35 substantial tissue surface area apart from said platform and compressed by a com- 
pression plate substantially transparent to X-rays and having a plurality of perfora- 
tions towards an X-ray source, and the suspected lesion having an inside location 
within said body portion; radiating said body portion with X-rays coming succes- 
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sively from at least two different directions to form at least two individual images 
and respective image data of said body portion and of said perforated plate; deriving 
inside location data and perforated plate location data from said at least two image 
data and from said at least two directions; selecting at least one perforation in said 
plate and determining a moving direction for an invasive instrument through said at 
least one perforation; calculating a distance between said at least one perforation of 
said plate and said calculated inside location in said moving direction of the inva- 
sive instrument; and displaying or outputting said at least one perforation, said di- 
rection and said distance for guiding said invasive instrument. 



According to the sixth aspect of the invention it is provided a method for pointing a 
suspected lesion in an X-rayed body portion of a human or animalian body, the 
method comprising the steps: clamping said body portion in a fixed position on a 
platform provided with a radiographic imaging detector, said body portion having a 

15 substantial tissue surface area apart from said platform and compressed by a com- 
pression plate substantially transparent to X-rays and having a plurality of perfora- 
tions towards an X-ray source, and the suspected lesion having an inside location 
within said body portion; radiating said body portion with X-rays coming from at 
least a first direction to form at least an individual image and respective image data 

20 of said body portion and of said perforated plate; selecting a perforation in said 
plate and determining a moving direction for an invasive instrument having a tip 
through said at least one perforation; radiating said body portion, after inserting said 
invasive instrument, with X-rays coming from at least a second direction to form at 
least another individual image and respective image data of said body portion and of 

25 said perforated plate and said invasive instrument; calculating a distance between 
said tip of the invasive instrument and said calculated inside location in said moving 
direction of the invasive instrument; and displaying or outputting said distance for 
further guiding said invasive instrument. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 



The foregoing summary, and the following detailed description of the preferred em- 
bodiments of the present invention, will be better understood when read in conjunc- 
tion with the accompanying drawings, in which: 

35 

FIG. 1A illustrates generally an X-ray apparatus with a tilting X-ray head, which 
allows radiating the body portion of the patient, a breast - in a position which is ac- 
tually not used in practice because of the visibility - in the case shown, from differ- 
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ent directions, and which can be utilized for the method according to the present in- 
vention, in an axonometric view. 

FIG. IB illustrates the X-ray apparatus of Fig. 1A with a functioning depth indicat- 
5 ing light beam device integrated in the compression plate moving unit, and a func- 
tioning biopsy needle directing light beam device mounted or turned in its operating 
position or integrated in the tilting X-ray head, in the same view as in Fig. 1 A. 

FIG. 2A and 2B illustrate the detection of a lesion and the guidance principle for 
10 insertion of e.g. a biopsy needle, when the first embodiment of the method accord- 
ing to the invention is utilized. Fig. 2A is a cross-section of a body portion of the 
patient, like a breast, and the related means, in the vertical plane I-I of Fig. 1A; and 
Fig. 2B is a plan view to the body portion area of Fig. 2A in the direction II of Fig. 
2A. 

15 

FIG. 3 illustrates the detection of a lesion and the guidance principle for insertion 
of e.g. a biopsy needle, when the second embodiment of the method according to 
the invention is utilized. Fig. 3 is a cross-section of a body portion of the patient, 
like a breast, and the related means, in the respective vertical plane as in Fig. 2A. 

20 

FIG. 4 illustrates the detection of a lesion and the guidance principle for insertion 
of e.g. a biopsy needle, when the third embodiment of the method according to the 
invention is utilized. Fig. 4 is a cross-section of a body portion of the patient, like a 
breast, and the related means, in the respective vertical plane as in Figs. 2A and 3. 

25 

FIG. 5 illustrates the detection of a lesion and the guidance principle for insertion 
of e.g. a biopsy needle, when the fourth embodiment of the method according to the 
invention is utilized. Fig. 5 is a cross-section of a body portion of the patient, like a 
breast, and the related means, in the respective vertical plane as in Figs. 2 A, 3 and 4. 

30 

FIGS. 6A to 6C illustrate the detection of a lesion and the guidance principle for in- 
sertion of e.g. a biopsy needle, when the fifth embodiment of the method according 
to the invention is utilized. Fig. 6A is a cross-section of a body portion of the pa- 
tient, like a breast, and the related means, in the respective vertical plane as in Figs. 
35 2A, 3, 5 and 5. Fig. 6B is an enlarged view of the area III of Fig. 6A visualizing the 
perforated plate in the same cross section, and Fig. 6C is a plan view to the plate 
area of Fig. 6B in the direction IV of Fig. 6B. 
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FIG. 7 exemplifies graphically radiation intensity distributions over one linear sec- 
tion of the detector received when radiated from two different directions, from 
which intensity distribution the positions of the lesions can be calculated and the 
configuration of the outer surface of the body portion can be estimated. Distribution 
5 shown is from section A-B of Fig. 2B. 

FIG. 8 illustrates one alternative method according to the invention for giving 
guidance to the operator in manual biopsy needle insertion, whereupon an extended 
laser beam cross is used for e.g. positioning in horizontal directions and for tilt an- 
10 gle control, and a flabellate laser beam is used for controlling the insertion depth of 
the biopsy needle; in an axonometric view. 

FIG. 9 illustrates two other alternative methods according to the invention: For giv- 
ing guidance to the operator in semi-automatic biopsy needle insertion provided 
15 with needle position detectors and a display/control unit; And for automatic biopsy 
needle insertion provided with needle insertion servos and a control unit; in an 
axonometric view. 

FIG. 10 and 11 represent a biopsy needle with length indicia, and several biopsy 
20 needles having various lengths respectively, which can be utilized for controlling 
the depth of insertion. 

FIG. 12 is a flow chart disclosing the main steps of the first and second embodi- 
ments of the method according to the invention, corresponding to the arrangements 
25 of Figs. 2Ato3. 

FIG. 13 is a flow chart disclosing the main steps of the third and fourth embodi- 
ments of the method according to the invention, corresponding to the arrangements 
of Figs. 4 and 5. 

30 

FIG. 14 is a flow chart disclosing the main steps of the fifth embodiment of the 
method according to the invention, corresponding to the arrangements of Figs. 6A 
to6C. 

35 DETAILLED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figures 1A and IB show the general features of an X-ray apparatus 100. The appa- 
ratus 100 has a frame 1 10 and means for clamping the body portion 9 of a patient a 
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fixed position. The means for this clamping comprise a platform 1 and a compres- 
sion plate 2a or 2b ? between which the body portion, i.e. the target, to be X-rayed is 
positioned and clamped. The platform is provided underneath with a radiographic 
imaging detector 5, typically a CCD-detector or a CMOS-detector having a plurality 
5 of image pixels forming an X-ray sensitive area, as visible in figures 2A to 6A. The 
X-ray source 101 is within a head 105 of the apparatus, and emits the X-ray beam 
towards the compression plate 2a, 2b, through the body portion 9, through the plat- 
form 1 or some part thereof, and falls into the imaging detector 5. The image detec- 
tor 5 transforms the received radiation R into electrical signal, which is transferred 

10 as image data to a computer for further processing. In this application, the definition 
"image" means any data carrying information about the target body portion respec- 
tive to an image. Image data can be also called virtual image, There is no need to 
show the image or images as a concrete or physical print or on a display, even if the 
images can be printed or displayed if wanted, but the display or output of that in- 

15 formation specific to the present invention is all that is necessitated. This kind of 
image processing is familiar to any person skilled in the art, and is not described in 
detail. The head 105 with the X-ray source 101 is tiltable around an axis 102 in re- 
spect to the frame 110 and the combination of the platform and the compression 
plate, so as to enable directing the X-ray beam from different directions Dl, D2, D3 

20 to the body portion 9. Radiating a target, like a body portion, at least from two di- 
rections or from several directions more than two, whereupon each radiation direc- 
tion Dl, D2, D3 produces a separate planar image, i.e. a planar virtual image, is 
generally known, and accordingly, neither the apparatus nor the data processing is 
not described in detail. The two or more planar images taken from a single immobi- 

25 lized target 9 serve as the starting point for configuring through calculations a three- 
dimensional image data, i.e. a virtual three-dimensional image, which configuration 
or calculation can be performed using a computer and a proper program. The data 
processing for attaining a three-dimensional image data is generally known, this 
kind of data processing as such is not the object of the invention, and accordingly 

30 this further processing is neither described in detail. It shall be, however, be men- 
tioned that a three-dimensional image data includes information about the inner 
structure of the body portion together with the data about the positions of the struc- 
tural details. The three-dimensional image, which can be also called as stereo im- 
age, based on the data can be shown e.g. on a display, not shown in the figures, so 

35 that a physician or a nurse or other specialist, generally an operating person, can 
evaluate it and make necessary decisions and operations. Displaying and evaluation 
of the three-dimensional images or stereo images as such are not the subject of the 
present invention, though the same image data is utilized for it, as described later. 
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Anyway, the suspected lesion T, if found, has an inside location within the body 
portion 9, or the suspected lesions, if found several, have inside locations within 
said body portion, and then a sample shall be taken from each of them using biopsy 
or puncture, or those to be removed surgically shall be marked by wires or dye. 

5 

The body portion 9 of the patient is especially a breast of a woman, whereupon it is 
mammography in question, but in principle the body portion can be any projecting 
body part, like arm or leg etc., which can be at least partly compressed between the 
compression plate 2a, 2b and the platform 1 to maintain the body portion unmov- 

10 able for the period of imaging and taking a biopsy or a puncture or inserting mark- 
ing wires for surgical operation. Hereinafter, the definition biopsy is used to mean 
taking both liquid and tissue samples. It shall be understood that the very function 
of the compression plate is to immobilize the body portion and that for this purpose 
the "plate" can also have a form not actually a plate, but e.g. a trough or any con- 

15 figuration practical for the purpose. The definition "compression plate" is accord- 
ingly used here for simplicity only, because in mammography an at least partly 
plate-like member is typically used, and not for limitation. Any configuration of the 
plate is included in the scope. Often, but not necessarily, this compression plate 2a 
has a larger opening 12, as shown in figures 2A to 5 and 8 to 9, to enable accessibil- 

20 ity to taking a biopsy or inserting marking wires into the lesion. This large opening 
12 causes that the body portion, in this case the breast, has a substantial non-com- 
pressed tissue surface area apart from said platform towards the X-ray source 101. 
The non-compressed area bulges upwards, i.e. away from the platform 1, because of 
the elastic properties of the tissue, whereupon the exact position of tissue surface 

25 varies from case to case. The opening 12 shall be considered large, when this bulg- 
ing may cause such variations in the position of the tissue surface that makes the 
precise enough hitting of the lesion with the invasive instrument 10, like biopsy 
needle or marking wire, too difficult or impossible. It is believed that the opening 
12 is large, when its diameter 01 is larger than 1 cm or it has dimensions Ql, Q2 

30 larger than 1 cm x 1 cm. In the embodiment of figures 6A to 6C the compression 
plate 2b has a plurality of smaller perforations 22, having a diameter 02 or other re- 
spective dimensions substantially smaller than 1 cm, but larger than the diameter 
03 of the invasive instrument 10 allowing insertion of the invasive instrument 
through a perforation. In this case there is no non-compressed tissue surface area, 

35 because the extremely small bulges at the small areas of perforations can be ne- 
glected. Compression is performed by moving the compression plate 2a or 2b in a 
direction C, e.g. parallel to coordinate direction z, perpendicular to the platform 1. 
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There are several tasks in order to assure that marking of a lesion by wires is per- 
formed accurately enough, or taking a sample from a lesion, i.e. biopsy, is obtained 
accurately enough. The position of the lesion T shall be determined in three coordi- 
nate directions x, y, z, in case of orthogonal coordinate system, or in three coordi- 
5 nate directions r, (p, y/, in case of polar coordinate system. The direction and the 
distance from the selected entering point of the invasive instrument 10 into the le- 
sion shall be calculated. The selected entering point E on the outer surface 3 of the 
body portion 9 shall be either indicated prior to the contact between the invasive in- 
strument and the outer surface, or traced after the entering point E is selected by the 

10 first contact between the invasive instrument and the outer surface radiating. Then 
the moving direction PI, P2, indicated by at least a tilt angle a and if necessary also 
by a turn angle (3, and the distance S of the invasive instrument shall be controlled; 
either manually using displayed values or mechanically by automatic drives using 
output values. The tilt angle a, and the possible turn angle |3, of the guiding light 

15 beam 60 are not the same as the parallax of the X-rays, but directions totally inde- 
pendent from the X-ray parallax. 

In all embodiments of the invention the body portion 9 is radiated with X-rays R 
coming successively from at least two different directions Dl and D2 and/or D3 to 

20 form at least two planar images of the body portion, i.e. two stereoscopic images, 
whereafter a three-dimensional image data is derived from said at least two data sets 
that correspond the planar images formed on the imaging detector and from said at 
least two directions. This 3D-image data carries information about the internal 
structure of the body portion, and accordingly the inside location(s) of the lesion(s), 

25 i.e. inside location data = coordinates of the lesion inside the body portion, can be 
calculated from that image data in a predetermined three-dimensional coordinate 
system, which has two coordinate values r, <p, or preferably jc, y in a plane substan- 
tially parallel to the platform 1, and coordinate value z or ty/in direction perpen- 
dicular to the platform. Also the outside location = coordinates of the different 

30 points of the tissue surface 3 of the body portion can be calculated from that image 
data in the predetermined three-dimensional coordinate system. Figure 7 exempli- 
fies two intensity distributions as received by the detector 5 across one line and 
forwarded as electrical signals carrying detected intensity data, i.e. image data, to a 
computer unit 70. It shall be understood that the detector receives and forwards in- 

35 tensity data also from a plurality of neighboring lines, whereupon the area of the de- 
tector is utilized. The first intensity distribution corresponds data received when ra- 
diated from direction Dl and the second intensity distribution corresponds data re- 
ceived when radiated from direction D2. As can be seen the intensity drops caused 
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by one lesion T are in positions spaced apart from each other, and is known the po- 
sition of the lesion in the vertical direction and in the direction of this exemplary 
line can be calculated. In actual occasion when neighboring lines are also available 
the position of the lesion can be calculated also in the direction perpendicular to sur- 
5 face of the figure, as can be readily understood. The tissue surface can be calculated 
from varying intensity outside and between said intensity drops, though the calcula- 
tions are more complicated. 

In the arrangement of figures 2A and 2B the configuration of the tissue surface 3 is 

10 estimated without any markers or invasive instruments, but its form and position is 
calculated solely from the image data received by the image detector and the radia- 
tion directions. This is possible because the atmosphere at any point above the body 
portion deviates from any point inside the body portion, causing traces in the two- 
dimensional image data and accordingly in the three-dimensional image data, too. 

15 On the basis of the inside location data an entering point E for the invasive instru- 
ment 10 within the accessible area, that is in the area of the opening 12, of the sur- 
face 3 is selected. This selection can be done in three ways: {A} The optimum en- 
tering point can be calculated from the image data and indicated - as described later 
in detail - for the operating person; Or {B} the operating person can select the en- 

20 tering point on the basis of displayed image(s) or other data using personal experi- 
ence and evaluation, feed the intended data into the computer, whereafter the se- 
lected point is indicated for the operating person; Or {C} the operating person can 
select the entering point on the basis of displayed image(s) or other data using per- 
sonal experience and evaluation, position the invasive instrument in the selected po- 

25 sition on the tissue surface 3, whereafter the selected entering point is traced - as 
described later in detail - e.g. by optical means. When the entering point E is final- 
ized, the intended and optimum moving direction PI, P2 of said invasive instrument 
is determined using the three coordinates of the entering point E, which are calcu- 
lated from the estimated configuration of the tissue surface 3 including the entering 

30 point, and the three coordinates of the lesion T calculated earlier. Then the distance 
S and the moving direction PI, P2 between two points, i.e. from the entering point 
E on said estimated surface and to the calculated inside location of the lesion T, can 
be readily calculated. In the alternative {C} the manually selected and then traced 
entering point E is no more calculated, but is kept in the prevailing position, and the 

35 moving direction PI or P2 and the distance S are output, i.e. forwarded to a instru- 
ment guide device 30, like a position motor means, or guiding said invasive instru- 
ment. In the alternatives {A} and {B} the automatically selected, or the manually 
selected and to the computer fed entering point E is displayed or output, i.e. for- 
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warded to an instrument guide device 30, using the two coordinate values thereof, 
and the moving direction PI or P2 and said distance S are also displayed or output, 
i.e. forwarded to an instrument guide device 30, for guiding said invasive instru- 
ment. 

5 

In the arrangement of figures 3 and 4 at least one marker 4 is attached, according to 
one alternative, on the tissue surface 3 to have an outside location prior to radiating 
the body portion with X-rays. The marker 4 or markers has/have high radiation ab- 
sorption to X-rays, and so leave an extremely clear trace in the two-dimensional im- 

10 age data, whereafter the exact position of the outer surface 3 at this/these spot(s), 
i.e. outside location data, can be calculated from the images and the configuration of 
surface 3, also in points other than the markers, can be mathematically estimated us- 
ing a proper algorithm from the outside location data. In the arrangement of figure 3 
the further operations are exactly the same as described above in the context of fig- 

15 ures 2 A and 2B. In the arrangement of figure 4 the further operations are otherwise 
the same as above, but the position of the marker 4 is used as the entering point E, 
whereupon the invasive instrument 10 is inserted just on the side of the marker. The 
direction PI, P2 and the respective distance S between the marker and the calcu- 
lated inside location of the lesion T are the values, which shall be calculated and 

20 displayed or output, i.e. forwarded to a instrument guide device 30, like a position 
motor means, for guiding said invasive instrument. In this latter case the marker or 
entering point is may not be optimally positioned, because it is attached prior to im- 
aging. On the other hand its position data is very precise and there is no need to dis- 
play its position to the operating person, because it is readily visible without any 

25 further indicating means, though the display of the two coordinate values cannot be 
avoided because of the display of the direction(s) inevitably includes also these in- 
dications. For the arrangement of figure 4, another alternative can be utilized, in 
which the marker is attached after radiating the body portion with X-rays for e.g. 
the first time. In this case the radiation of the body portion 9 with X-rays coming 

30 from at least a first direction Dl produces the first planar image, from which the in- 
side location data can be derived concerning the position of the lesion in the coordi- 
nate values parallel to the platform 1 . When these coordinate values are displayed to 
the operating person the marker 4 can be positioned properly. When radiating the 
body portion with X-rays coming from at least a second direction D2, whereupon at 

35 least a second individual planar image of said body portion is formed. Then measur- 
ing the distance S and the moving direction PI, P2 between the marker, and simul- 
taneously between the tip of the invasive instrument and said suspected lesion T 
from said second image can be calculated. Finally, the distance S and the moving 
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direction PI, P2 are displayed or output, i.e. forwarded to an instrument guide de- 
vice 30, for guiding said invasive instrument. 

The arrangement of figures 5 is in principle very close to the arrangement of figures 
5 3 and 4, the difference being that the invasive instrument 10 itself acts as the 
marker. According to one alternative the invasive instrument is inserted in contact 
with said tissue surface 3, and supported with an X-ray transparent means to stay in 
its position, prior to radiating the body portion with X-rays, whereupon the tip 11 of 
the invasive instrument on the tissue surface 3 has an outside location, as above. 

10 Further steps are the same as described in the context of figure 4. According to an- 
other alternative the invasive instrument is inserted in contact with said tissue sur- 
face 3 or inserted into said body portion, and supported with an X-ray transparent 
means to stay in its position, after radiating the body portion with X-rays for e.g. the 
first time, whereupon the tip 1 1 of the invasive instrument on the tissue surface 3 

15 has an outside location. In this case the radiation of the body portion 9 with X-rays 
coming from at least a first direction Dl produces the first planar image, from 
which inside location data can be derived concerning the position of the lesion in 
the coordinate values parallel to the platform, whereupon the inside location can be 
calculated in a predetermined two-dimensional coordinate system with coordinate 

20 values in a plane substantially parallel to said platform 1 and the moving direction 
PI, P2 for an invasive instrument 10 can be determined. When these coordinate val- 
ues are displayed to the operating person the invasive instrument can be positioned 
properly, and preferably so as to point to the lesion T and the tip 11 of the invasive 
instrument closer the lesion than the tissue surface. When radiating the body portion 

25 with X-rays coming from at least a second direction D2, whereupon at least a sec- 
ond individual planar image of said body portion is formed. Then measuring the 
spacing between said tip 1 1 and said suspected lesion T from said second image is 
straightforward operation, and further the distance S between said tip and said sus- 
pected lesion in said moving direction PI, P2 can be calculated from said spacing 

30 and from said second direction. Finally, the distance S is the only value that shall be 
displayed or output, i.e. forwarded to an instrument guide device 30, for guiding 
said invasive instrument. 

In the arrangement of figures 6 A to 6C the body portion 9 has a substantial tissue 
35 surface area apart from said platform and compressed by a compression plate 2b 
substantially transparent to X-rays. Here the compression plate 2b has an area that is 
in contact with tissue surface 3 determining typically a planar configuration to the 
tissue surface and the vertical position thereof. This compression plate is provided 
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with a plurality of perforations 22 open towards an X-ray source, which perforations 
are small as described above causing no such bulging of tissue that should be taken 
account. The body portion is radiated with X-rays coming successively from at least 
two different directions Dl, D2 to form at least two individual images of the body 
5 portion and of the perforated plate, followed by deriving the inside location data and 
perforated plate location data from said at least two images and from said at least 
two directions. The selection of the entering point of the invasive instrument 10 is 
performed in an analogous way as compared to the embodiments of figures 2 A to 3, 
with that exception that the entering point is finally one perforation of the compres- 

10 sion plate. The selection of the single perforation 22 can be done automatically by a 
program in a computer, or manually and fed into the computer or traced by the 
guiding light beam and then fed to the computer. On the basis of the determined 
single perforation and the known position of the lesion the moving direction of the 
invasive instrument through said at least one perforation can be determined, and fur- 

15 ther the distance between said at least one perforation of the plate and the calculated 
inside location in said moving direction of the invasive instrument can be calcu- 
lated. This calculated direction PI, P2 and the distance S are finally displayed, or 
output, i.e. forwarded to an instrument guide device 30, for guiding said invasive in- 
strument. 

20 

Figure IB show the general principle of the display and optical guide arrangement 
according to the invention, which are used for informing the operating person about 
the two coordinate values of the entering point E parallel to the platform, or for trac- 
ing the two coordinate values of the entering point E parallel to the platform se- 

25 lected manually by the operating person, and informing the operating person about 
the moving direction PI, P2 described by the tilt angle a and possibly by the turn 
angle (3 together with the moving distance S of the invasive instrument 10. Through 
this display and/or optical guide arrangement the data received as described above 
is forwarded to the operating person. The optical guide arrangement 50 comprises 

30 one or more light sources, e.g. laser(s), with lenses and/or mirrors, or diffractive op- 
tical elements, preferably as an optical guide unit 51 built-in inside the head 105 of 
the X-ray apparatus, or as a separate optical guide unit 52 that can be connected to 
the head 105 when needed. The built-in optical guide unit 51 and the X-ray source 
101 are preferably provided with such a construction that the X-ray source can be 

35 moved in a direction D_ x? e.g. a horizontal direction, into a waiting position to make 
room for movement D +0 of the optical guide unit into a gui de position where the X- 
ray source originally was, and that the X-ray source can be moved in an opposite di- 
rection D+x to its original position for radiation, whereupon the optical guide unit 
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moves in the opposite direction D_ 0 into its standby position. Typically the direc- 
tions D_o, D+o, D +x and D_ x are parallel. This arrangement, called as a park-back 
function, is practical for attaining coincidence of the focus points of the X-ray 
source and the optical guide unit. The optical guide unit 51 or 52 produces at least 
5 one light beam 60, which is directed into said tissue surface 3 and within the surface 
area accessible for insertion of the invasive instrument 10. The light beam, when 
hitting the tissue surface, preferably has a form of a cross Kl, K2, as visible in fig- 
ures IB, 2B and 8. It shall be understood that also other, more complicated cross- 
sectional forms for the light beam or combinations of light beams can be used. Fix- 

10 ing the optical guide unit 51 or 52 to the head 105, especially positioning the optical 
guide unit 51 within the head, provides substantial advantages, because the focus 
point of the X-ray beam and the focus point of the light beam(s) can be arranged to 
be coincident, and the tilt angle a of the light beam 60 and the radiation directions 
Dl, D2, D3 can be matched without problems. The optical guide unit 51 or 52 has 

15 means to transfer the position of the light beam and the cross Kl, K2 at least in the 
directions of planar coordinates r, <p, or preferably x, y parallel to the platform. Tilt- 
ing of the head 105 around the axis 102 that is parallel to the platform produces 
various values for the tilt angle a, which are preferably the only data of the moving 
direction PI of the invasive instrument. To enable using tilt angle only, it is required 

20 that the entering point E of the invasive instrument is selected to be in the plane 70 
that goes through the lesion T and is perpendicular to the axis 102, and that the in- 
vasive instrument is inserted in a direction, which is in this plane 70. This is actually 
not a limitation, because any point outside this plane 70 is not closer to the lesion 
than one or two points in this plane. In this case, the cross Kl has lines that are par- 

25 allel to the x- and ^-coordinate axes, and simultaneously parallel and respectively 
perpendicular to the tilt axis 102. If however, areas outside the plane are wanted to 
be included for possible entering points a further angle, i.e. the turn angle (3, is 
needed, which means that the light beam producing the cross K2 shall be turnable 
around its center line, i.e. around e.g. z-coordinate axis. In this case the invasive in- 

30 strument can be inserted in any direction, but the optical guide arrangement 50 
would be much more complicated. There are several known constructions for the 
optical guide arrangement 50, and any person skilled in the art is able to design dif- 
ferent new constructions on the basis of the features described above, and accord- 
ingly, optical guide arrangement is not described more in detail. 

35 

There are several ways how the at least one light beam 60 can be controlled and 
connected to a control unit or to a combination of a X-ray image analysis computer 
and a light beam control unit. Figures 1 A, IB show the latter alternative, whereupon 
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there is a computer unit 70 comprising both X-ray image analysis computer and the 
light beam controller connected to optical guide unit 51 or 52. The computer unit 70 
is connected to the radiographic image detector 5 to receive the image data and to 
process the image data as described earlier in this description. The beam control 
5 unit of the computer unit can have several types of user interfaces. For the first type 
of interface the computer comprises a specialized program or algorithm, which 
searches automatically the potential or possible lesions T from the images = image 
data, and calculates their positions providing the corresponding three coordinate 
values jc, y, z. Simultaneously the specialized program or algorithm estimates the 

10 configuration of the tissue surface 3, whereafter the program/algorithm selects the 
optimum entering point E and calculates the moving direction, i.e. the tilt angle a, 
of the invasive instrument and the distance S between the entering point and the le- 
sion. These values are forwarded into the light beam controller in the computer unit, 
which transfers the light beam 60, via the optical guide unit 51, 52, in the directions 

15 of the coordinate axes parallel to the platform to have the calculated coordinate val- 
ues x,y of the entering point so displaying or indicating the entering point E for the 
operating person, and tilts the head 105 to have the calculated tilt angle a so dis- 
playing or indicating the moving direction PI of the invasive instrument for the op- 
erating person as shown in figure 8. For the preferred second type of interface the 

20 operating person evaluates image(s) or other data, displayed in any known or new 
way not shown in the figures, using his/hers personal experience, and decides which 
are those lesions to be further examined and also selects the entering point E for the 
invasive instrument. The operating person feeds the position data of both the lesion 
T and the entering point into the computer unit, e.g. through the keyboard 71. A 

25 program/algorithm calculates the moving direction, i.e. the tilt angle a, of the inva- 
sive instrument and the distance S between the entering point and the lesion. The 
same values as above are then forwarded into the light beam controller in the com- 
puter unit, which transfers the light beam 60, via the optical guide unit 51, 52, in the 
directions of the coordinate axes parallel to the platform to have the calculated co- 

30 ordinate values x, y of the entering point so displaying or indicating the entering 
point E for the operating person, and tilts the head 105 to have the calculated tilt an- 
gle a so displaying or indicating the moving direction PI of the invasive instrument 
for the operating person as shown in figure 8. For the preferred third type of inter- 
face the operating person evaluates image(s) or other data, and decides which are 

35 those lesions to be further examined and also selects the entering point E for the in- 
vasive instrument, as described above. In the next step, the operating person takes 
the invasive instrument 10 or marker 4 and positions its tip 11 or it on the tissue sur- 
face 3 of the body portion 9 at the entering point E selected by herself/himself. Then 
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the operating person feeds the position data of both the lesion T into the computer 
unit, as described above, and transfers the light beam 60, using e.g. the control but- 
tons 72 in the computer unit, to alignment with the entering point indicated either by 
the invasive instrument 10 or by the marker 4. This step is called tracing, and in the 
5 context thereof the light beam controller simultaneously feeds the coordinate values 
x, y of the entering point, these are actually introduced by the operation of the con- 
trol buttons, to the computer unit. Next a program/algorithm calculates the moving 
direction, i.e. the tilt angle a, of the invasive instrument and the distance S between 
the entering point and the lesion. Finally the light beam controller in the computer 

10 tilts the head 105 to have the calculated tilt angle a so displaying or indicating the 
moving direction PI of the invasive instrument for the operating person as shown in 
figure 8. It is also possible that the operating person tilts the head 105 manually af- 
ter receiving the necessary value of the tilt angle a. The alignment of the invasive 
instrument 10 with the light beam 60 is readily visible when the light spot 61 caused 

15 by the center of the cross Kl, K2 is on the outer end 13 of the invasive instrument, 
as shown in figure 8, and the non-alignment is readily visible by the lack of the light 
spot. The optical guide unit 51, 52 comprises either motors to move the light beam 
into that position and angle, data for which being provided by the computer unit, or 
in the second type, light beam position means, which forward that position data of 

20 the beam traced to match with the marker or the tip of the invasive instrument into 
the computer unit, further in the third type, adjustment means for manual tracing. 
The motors, adjustment means and light beam position detectors utilized can be of 
any known or new type, and accordingly, they are not described in detail 

25 The control of the insertion depth, i.e. the control of the calculated distance S can be 
performed also in several ways. The traditional way is to use an invasive instrument 
with length indicia forming a scale 15, as shown in figure 10. This is a very simple 
and cheap arrangement, but the visibility of the scale indicia is not good in practice 
causing inaccuracy in insertion. Another way is to use a set of invasive instruments 

30 10, whereupon each individual instrument has a predetermined length, as shown in 
figure 11. When the distance S is displayed to the operating person, she/he selects 
an individual invasive instrument having the corresponding length L, which indi- 
vidual instrument is then inserted through the entering point and forwarded to a total 
depth so that the outer end 13 is in the level of the tissue surface. A great number of 

35 invasive instruments are needed in order to have any length L with a difference of 
e.g.. 1 mm therebetween available. A third way is to use one or a few invasive in- 
struments 10 with a predetermined length L or predetermined lengths L with greater 
length difference of e.g. a couple of centimeters or an inch, and a flabellate light 
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beam 65. The flabellate light beam 65 is flat, having e.g. a thickness not greater than 
1 mm, in the direction perpendicular to the platform 1 and a substantial width in the 
directions parallel to platform. After calculating the distance S for the invasive in- 
strument, the flabellate light beam 65 is transferred by the computer unit 70 to a 
5 level H on top of the tissue surface 3 to have the coordinate value z, which equal to 
projection of the length L of the invasive instrument as tilted in the direction of the 
platform above the lesion T. This means that level H upwards from the lesion T in 
direction perpendicular to the platform is H = L x cos a. When the invasive instru- 
ment is inserted into the body portion it is readily visible that there is light strip 62 
10 on the invasive instrument, shown in figure 8, and that this light strip 62 disappear 
when the proper distance S is reached, whereupon inserting is stopped. 

It is also possible to use instrument guide device 30, which can be an automatic de- 
vice comprising position motor means 32 or a stand-by device comprising position 

15 detection means 3 1, as shown in figure 9. The alternative with the position detection 
means 31 is preferred. In that case the invasive instrument 10 having a tip 11 is at- 
tached to the guide device 30, more specifically to the position detection means 31 
in the device. The position detection means comprise detectors to detect the position 
of the invasive instrument in the two coordinate directions x, y parallel to the plat- 

20 form, the tilt angle a of the invasive instrument and the moving distance S of the 
invasive instrument in the direction of its length L, and the computer unit 70, to 
which the detectors are connected. When the operating person moves the tip of the 
invasive instrument by manual activation to approach said lesion the detectors pro- 
vides position and direction data and forward those into the computer unit display- 

25 ing them on a display 73. The position detection means so allows displaying the two 
prevailing coordinates, a prevailing direction PI, P2 and a prevailing distance S of 
said invasive instrument. While moving the tip of the invasive instrument manually 
towards said lesion T, the operating person simultaneously compares these detected 
and displayed two prevailing coordinates, the detected prevailing direction and the 

30 detected prevailing distance with the calculated two coordinate values, the calcu- 
lated moving direction and the calculated distance, which calculated values are also 
displayed on the display 73, and operates so as to minimize the difference therebe- 
tween. This procedure can be called a computer aided manual insertion of the inva- 
sive instrument. It is also closely analogous to the tracing method described above. 

35 The position detection means 3 1 utilized can be of any known or new type, and ac- 
cordingly, they are not described in detail. 
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The alternative with the position motor means 32 the invasive instrument 10 having 
a tip 1 1 is attached to the guide device 30, more specifically to the position motor 
means 32 in the device. The position motor means comprise motors to change the 
position of the invasive instrument in the two coordinate directions x, y parallel to 
5 the platform, the tilt angle a of the invasive instrument and the moving distance S 
of the invasive instrument in the direction of its length L, and the computer unit 70, 
to which the motors are connected. In this case the output two coordinate values, the 
moving direction and the distance is conducted to said position motors, whereupon 
the computer unit allows the position motor means 32 to move said tip of the inva- 
10 sive instrument to approach and reach the lesion T. The position motor means 32 
utilized can be of any known or new type, and accordingly, they are not described in 
detail. 



